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Abstract 
Background: To determine the role of ultrasound 
as an adjunct modality to mammography in 
diagnosing breast cancer. 
Methods: Total 100 patients of breast cancer were 
recruited in this comparative study. These cases were 
subjected to mammography. Ultrasound was then 
performed as an adjunct modality while clinical and 
mammographic results were available to the 
radiologist evaluating the ultrasound scans. Patients 
with positive findings were then followed for 
histopathology findings obtained from excisional 
biopsy or mastectomy specimen.  The results of 
histopathology were taken as gold standard. 
Sensitivity and specificity of mammography and 
adjunctive ultrasound was calculated by 
constructing a 2 x 2 table taking histopathology as 
gold standard. Statistical measures of accuracy, 
sensitivity, specificity, positive predictive (PPV) and 
negative predictive values (NPV) were calculated. 
Results: Age distribution revealed, 68 patients 
(68.0%) were < 40 years of age. Mean age of the 
patients was 44.9 ±5.2 years. Distribution of cases by 
presenting symptoms was as follows: breast lump 93 
(93.0%), and breast pain 7 (7.0%) with nipple 
discharge 10 (10.0%) and nipple retraction 8 (8.0%). 
Family history of breast cancer was present in 37.0%. 
Combined sensitivity of mammography and 
adjunctive ultrasound was 94.67%, specificity 
77.78%, diagnostic accuracy 85.54%, positive 
predictive value 89.87%, negative predictive value 
63.63% comparatively better than these modalities 
alone.  
Conclusion: Ultrasound can be considered as a 
primary screening tool in younger population and as 
an adjunct to mammography in elder women to 
minimize the chances of missing diagnosis of breast 
cancers. 
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Introduction 
Breast cancer is leading cause of morbidity and 
mortality in females in both developed and developing 
world. Mammography is considered to be gold 
standard in screening and diagnosing breast cancer. 
Ultrasonography is effective in detecting lesions and 
distinguishing benign lesions from malignant one. Use 
of both tests can be more effective in diagnosing breast 
cancer more accurately. 1-6 
The choice of primary breast imaging in examining the 
women with symptoms is partly based on age. The 
evidences suggest that women younger than 35 years 
be examined with sonography and women 35 years 
and older be examined with mammography.7 
Ultrasound differentiates the solid masses from cysts 
and is more sensitive in detecting lesions in younger 
women with dense breast tissue. However 
Mammography can demonstrate non palpable breast 
lesion earlier than they can be diagnosed by physical 
examination. Mammography is less sensitive in 
detecting breast cancer in young patients (less than 
35years) due to increased density of breast 
parenchyma.8 
Mammography remains the gold standard among the 
imaging modalities of the breast due to its overall 
accuracy and relative simplicity.9 The sensitivity and 
specificity of diagnostic mammography reported in 
various studies for diagnosing breast lesions varies 
from 72 to 93.2% and 84 to 87% respectively. 10,11 With 
about 10 million at risk women in the United States 
between 1 and 3 million women may get a false-
negative or false-positive result.12 
In many cases, when the diagnostic mammography 
shows that the abnormality is highly likely to be 
benign (non-cancerous) then the radiologist may 
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recommend follow-up mammogram, typically in six 
months. 13 
It is necessary to scan both whole breasts for true 
impression of architecture, classification of margin of 
lesions, distinction between benign and malignant 
lesions and differentiation of margin and 
echogenicity.14 
With traditional ultrasonography the enhancement is 
no longer a distinguishing marker for a benign lesion 
nor is this the horizontal growing pattern but it can be 
good marker in computer scanning or tissue harmonic. 
Though colour Doppler is not routinely used in all 
institutions performing breast ultrasound, but  colour 
Doppler has an additional criterion in discriminating 
malignant from benign lesions. It is important to 
observe the type of vascularisation , i.e., colour signals 
running straight into the lesion are a hint of 
malignancy, whereas angiogenesis round the border of 
a lesion is not. The missing of vascularization is not a 
proof of benignancy.15 
3-D technique, now available in breast ultrasound by 
different manufacturer, is a valuable tool to obtain a 
detailed impression of the margins and the 
surroundings of a lesion in a view from so-called C-
plane. In this technique star-like retraction pattern is a 
pathognomonic marker for malignancy, whereas a 
compression pattern indicates benign lesion. 
Carcinomas often show indeterminate surrounding in 
the C-plane (not definite retraction phenomenon) as 
well. 3-D seems to be of similar value to color Doppler 
in differentiating masses further, detected previously 
in B-Mode.16 
Solid masses can be effectively distinguished from 
cysts through Ultrasonography, which account for 
approximately 25 percent of breast lesions.17, 18 With 
strict criteria for cyst diagnosis is applied, 
ultrasonography has a sensitivity of 89% and a 
specificity of 78% in detecting abnormalities in 
symptomatic women.19Although ultrasonography is 
not considered a screening test but it is more sensitive 
in detecting lesion in women with dense breast tissues 
than mammography.18, 20  It is effective in 
distinguishing benign solid masses from malignant 
diagnosing clinically palpable masses .18,20  
Most radiologists accept breast ultrasound mainly as 
an adjunct to mammography: mammography always 
first and then after - in cases of mammographically 
equivocal lesions or very dense breasts – ultrasound 
complementary. However, that seems a traditional 
point of view and connected to specific interests. 
Under scientific and healthcare aspects the main point 
should be the capacity of breast ultrasound in 
detecting early breast carcinoma in asymptomatic 
women. 21.  
 
Patients and Methods  
The prospective study was undertaken in Institute of 
Nuclear Medicine and Oncology Lahore (INMOL) 
from first June 2012 to thirty first October 2013. The 
study participants (n=100) were female 30-60 years of 
age. One hundred patients referred for breast imaging 
were included in this study.All the patients in the 
study group, were imaged with mammography and 
bilateral whole breast ultrasound and had breast tissue 
biopsies. The cancer detection rate was assessed 
among females in between the age of 30-60 
years,females having history of breast mass or breast 
pain, nipple discharge or retraction and any associated 
skin change on mammography further confirmed on 
ultrasound,females having positive clinical findings 
but missed on mammography may be due to dense 
breast tissue but were picked up or enhanced when 
ultrasound was combined. These cases were then 
subjected to mammography and both Cranio-caudal 
and Medio-lateral oblique views were obtained. A 
note was made of location  and number oflesions. Any 
associated calcification, architectural distortion and 
asymmetric density was also noted. Ultrasound 
assessment was directed to the clinical or 
mammographic area of interest as well as whole 
breasts bilaterally. Patients were then followed for 
histopathology findings obtained from excisional 
biopsy or mastectomy specimen. The results of 
histopathology were taken as gold standard. 
Sensitivity and specificity of mammography and 
adjunctive ultrasound was calculated by constructing 
a 2 x 2 table taking histopathology as gold standard. 
Statistical measures of accuracy, sensitivity, specificity, 
positive predictive (PPV) and Negative predictive 
values (NPV) were calculated. The positive or negative 
cases were operationally defined. True Positive were 
those, which were positive for breast cancer on 
ultrasound, mammography and histopathology. True 
Negative were those  which were breast cancer 
negative on ultrasound, mammography and 
histopathology. False Positive were  those, which were 
positive for breast cancer on ultrasound and 
mammography but were negative on histopathology. 
False Negative were those, which were negative for 
breast cancer on ultrasound and mammography but 
were positive on histopathology. 
 
Results 
Mean age of the participants was 44.9 with SD + 5.2 
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years. Participants had equal proportion of breast 
lumps on right (46) and left breast (47). Family history 
of breast cancer was present in 37.00% (Table 1). High 
frequency of masses was located in upper outer 
quadrant of both right (26) and left (27) breast 
followed by retroareolar region (14) and upper inner 
quadrant of right breast (13) (Table 2).   
Table 1: Demographic findings and 
 Lump location 
Variable Frequency 
Age 
≥ 40 years 68 
<40 years 32 
Presenting symptoms 
Right Breast lump 46 
Left Breast lump 47 
Breast Pain 7 
Family history of Breast Cancer 
Yes 37 
No 63 
Total 100 
Table 2. Distribution of cases by mass location 
(Mammographic+ ultrasound findings) 
Mass Location Frequency 
Right Breast 
Upper outer quadrant 26 
Upper inner quadrant 13 
Lower outer quadrant 1 
Lower inner quadrant 5 
Left Breast 
Upper outer quadrant 27 
Upper inner quadrant 6 
Lower outer quadrant 1 
Lower inner quadrant 7 
Retroareolar region 14 
Total 100 
 
On mammographic examination 74 %  had masses and 
52% had architectural distortion (Figure 1).On 
ultrasound examination  92% had solid masses and 
37% had periareolar skin thickening (Figure 2). Overall 
sensitivity of Mammography alone was 86.05%, 
specificity was 63.64%, diagnostic accuracy 81.48%, 
positive predictive value 90.24%, negative predictive 
value 53.85%.Overall sensitivity of ultrasound alone 
was 89.87%, specificity 66.67%, diagnostic accuracy 
71.50%, positive predictive value 76.34%, negative 
predictive value 63.64%.Overall sensitivity of 
mammography and adjunctive ultrasound was 
94.67%, specificity 77.78%, diagnostic accuracy 85.54%, 
positive predictive value 89.87%, negative predictive 
value 63.63% (Table 3).  
Table 3. Sensitivity, Specificity, Positive & 
Negative Predictive Value and Diagnostic 
Accuracy of Mammography,  Ultrasound and 
both 
Parameter 
Mammography Ultrasound 
Mammography 
 + Ultrasound 
Estimate 
95% 
CIs Estimate 95% CI Estimate 95% CI 
Sensitivity 86.05% 
77.18-
91.83 89.87% 
 78.24-
94.52 94.67% 
87.07- 
97.91 
Specificity 63.64% 
42.95-
80.27 66.67% 
 59.10-
71.41 77.78% 
 67.89-
81.11 
Positive 
Predictive 
Value 90.24% 
81.91-
94.97 76.34% 
66.77-
83.83 89.87% 
81.27-
94.78 
Negative 
Predictive 
Value 53.85% 
35.46-
71.24 63.64% 
 60.81-
73.55 63.63% 
 52.45-
81.34 
Diagnostic 
Accuracy 81.48% 
73.12-
87.68 71% 
61.46-
78.99 85.54% 
76.41-
91.53 
 
 
Figure 1:Frequency of mammographic findings 
 
Figure 2: Frequency of ultrasound findings  
Discussion 
Results of present tudy indicate that the combination 
of ultrasound and mammography yielded enhanced 
sensitivity, specificity and diagnostic accuracy in the 
diagnostic evaluation of breast cancer. Variable and 
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conflicting diagnostic specificities and sensitivities of 
combination of both modalities mammography and 
adjunctive ultrasound compared with histopathology 
were reported in the previous literature. In present 
study, 93.0% of breast lumps were suspected to be 
breast cancer based on combined mammographic and 
Sonographic evaluations with 71.0% confirmed by 
pathologic evaluation. Reports from other studies on 
breast screening programs have detected very low 
breast cancer rates as compared to the current 
study.However, mammography still has some 
disadvantages for breast cancer detection. Although it 
is very sensitive, still it is not accurate in detecting 
breast cancer.22 Approximately 65% of cases referred 
to surgical biopsy are actually benign lesions.23The 
higher breast cancer proportion in this study can be 
explained by the fact that it was not a screening 
program, and rather patients with breast lumps and 
breast pain along with nipple discharge and nipple 
retraction were referred for identification of the nature 
of their breast disease. 
This study has 32% women of less than 40 years of age 
so mammographic results might not be significant in 
this population because mammography has limitations 
in detection of cancer in the dense breast tissue most 
commonly of young patients. The younger women 
tend to have dense breast tissue and numerous milk 
glands, making cancer detection with mammography 
challenging. To overcome this limitation, additional 
imaging modality is often needed for sound 
diagnosis.24 Consequently, it has been proved earlier 
that sonography is more effective for women younger 
than 35 years of age and denser the breast 
parenchyma.25-30  
Observing all these findings of previous studies 
regarding ultrasound as an adjunct to mammography 
it can be added that the overall sensitivity of the 
combination of mammography and ultrasonography 
in detecting breast cancer in the current study was 
about 94.67% and specificity was 77.78% which are 
congruent to another studies’ results in which the 
sensitivity and specificity of combined mammography 
and ultrasound was 94.2% and 67.9% respectively.31 
While slightly lower that second study which 
indicated sensitivity and specificity of combined 
mammography and ultrasound as 100% and 85% 
respectively.32  
Evidence suggests that in the case of a palpable lump, 
breast ultrasound should be the preferred imaging 
procedure, leading to a definitive diagnosis with an 
additional consecutive core needle biopsy. It should be 
mandatory for women without symptoms, and 
complementary to mammography in the case of dense 
breast. Adjunctive ultrasound assessment improves 
breast cancer detection in women of all ages and 
should be routinely used in symptomatic breast 
clinics.33 
 
Conclusion 
Ultrasound should be considered as an important 
screening and diagnostic adjunct to mammography in 
younger population as well as in elder women to 
minimize the chances of missing diagnosis of breast 
cancers. 
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